Objectives. The objectives of this study were the following: to determine if fatigue is present in chronic low back pain (LBP) and chronic neck pain patients to a greater extent than in controls (nonpatients); to determine which variables are associated with the presence of fatigue; and to determine which of the above chronic pain patient (CPP) groups is more fatigued. To the authors' knowledge, this is the first such study in the literature.
Introduction

B
ecause fatigue is a complex phenomenon and a subjective symptom, no single definition of fatigue exists [1] . Portenoy and Miaskowski [2] tried to develop diagnostic criteria for fatigue. Two of their criteria encompass the definition of fatigue. They are the following: sensations described as fatigue, diminished energy, or an increased need to rest that is disproportionate to any recent change in activity; and sensations described as distressing or associated with diminished capacity to perform usual physical or intellectual activities. The diagnostic criteria of Portenoy and Miaskowski [2] have not yet been tested for reliability and validity. As such, most of the research to date on fatigue has been performed with fatigue rating scales and/or inventories [3, 4] . This research has determined that fatigue is frequently found in patient groups familiar to the physician and other health care professionals. These patient groups are the following: chronic fatigue syndrome patients [5] [6] [7] [8] ; fibromyalgia patients [9] [10] [11] ; patients with headache [12, 13] ; patients with cancer [3, 14, 15] ; patients with rheumatoid arthritis [16] [17] [18] [19] ; patients with AIDS [20] ; and hepatitis C patients [21] .
Recently, Fishbain et al. [22] reviewed the pain literature in a structured evidence-based manner in order to determine if there is an association between fatigue and pain and whether this relationship is etiological in nature. It was concluded, from the evidence in that review, that there is an association between fatigue and pain and that this relationship may be etiological in nature, that is, pain causing fatigue [22] . However, of the 21 studies on which that conclusion was based, 20 related to pain associated with headache, rheumatoid arthritis, various causes, fibromyalgia, osteoarthritis, ankylosing spondylitis, and cancer, while only one [23] related to low back pain (LBP), and none related to neck pain [22] . In addition, few of those studies controlled for sleep, depression, and/or disease burden, in the case of cancer patients [22] . These three variables have been noted in numerous previous studies to be associated with perceived fatigue [22] .
In the one LBP fatigue study, Feuerstein et al. [23] compared chronic LBP patients with asymptomatic controls for the presence of fatigue using the profile of mood states rating tool [24] , which unfortunately was not designed as a fatigue inventory. The goal of this paper is to report on a retrospective study performed on a group of chronic LBP and chronic neck pain patients where a valid and reliable inventory [25] , specifically designed to measure fatigue, was used. In the analysis of these data, attempts were also made to control for sleep and depression. In addition, as it has previously been demonstrated that there is an association between fatigue and pain [22] , it was felt that it would be interesting to determine whether such a relationship also applies to neuropathic pain. To the authors' knowledge, there have been no previous studies that have explored for this potential relationship. The hypotheses of the study were the following: A) Chronic LBP patients will demonstrate greater fatigue than nonpatients; B) Chronic neck pain patients will be as fatigued as chronic LBP patients and more fatigued than nonpatients; C) Fatigue scores will be predicted by neuropathic pain severity, depression severity, and the presence of other psychiatric pathologies; and D) Sleep problems and degree of opioid use will predict the presence of fatigue. The results of this study are described below. To the authors' knowledge, this is the first such study in the literature.
Methods
The Rosomoff Pain Center is a tertiary pain treatment rehabilitation facility that receives pain patient referrals from all over the United States and other parts of the world. Generally, these patient referrals are treatment failures, and as such, all have had pain for greater than 6 months duration, thereby satisfying the definition of chronic pain. On the day of admission to The Rosomoff Pain Center, all chronic pain patients (CPPs) are evaluated sequentially by a team of physicians (neurosurgeon, physiatrist, psychiatrist, and generalist) and other members of the multidisciplinary team. Each of these professionals performs an evaluation geared to their specialty; for example: neurosurgeon, neurological physical examination; physiatrist, physical examination revolving around ranges of motion and soft tissue examination; psychiatrist, psychiatric examination; generalist, physical examination geared to a general medical examination. On the same day, every evaluated CPP is also administered a clinical information battery. At the time included in this study (2000) (2001) , this battery was made up of the Multidimensional Fatigue Inventory (MFI) [25] [26] [27] , the Neuropathic Pain Scale (NPS) [28] , and the Beck Depression Inventory (BDI). These were administered because we wished to determine, for the purposes of treatment, which of the admitted patients were fatigued, which had an element of neuropathic pain, and which were depressed. In addition, an information tool was completed on each CPP by the senior author. This tool was completed after the conclusion of the psychiatric examination and placed in the chart along with the results of the MFI, NPS, and BDI. The information tool lists demographic information, primary and secondary pain diagnoses, DSM-IV psychiatric diagnoses, pain location, pain precipitating event, type of injury, years in pain, number of surgeries, types of surgeries, type of pain pattern, opiates consumed per day in morphine equivalents, workers' compensation status, and whether, according to the clinical examination, the CPP did or did not have a neuropathic component to their pain. The MFI, NPS, and BDI were completed with the directions of the senior author, who also reviewed the answers to the questions with the CPP.
The MFI [25] is a 20-item self-reported instrument designed to measure fatigue. It covers five dimensions: general fatigue, physical fatigue, mental fatigue, reduced motivation, and reduced activity. It has been demonstrated to be reliable and valid and has been tested for psychometric properties in cancer patients [25, 29] , patients with chronic fatigue syndrome [25] , psychology students [25] , medical students [25] , army recruits [25] , and junior physicians [25] . In addition, the MFI has been tested in Sjogren's syndrome and rheumatoid arthritis patients [26] . As such, norms are available for the MFI for various nonpatient and patient groups.
The NPS is a scale specifically developed to measure the attributes and various qualities of neuropathic pain [28] . It also has been shown to be reliable and valid [28] .
For the purposes of this retrospective study, a 12-month sample of consecutive admissions was chosen for the analysis. All CPPs in this sample were consecutive admissions and all charts contained the above information (clinical information tool and MFI, NPS, and BDI scores).
Because this study related to chronic LBP patients and chronic neck pain patients, and because fibromyalgia [9] and chronic fatigue syndrome [5] [6] [7] [8] can be associated with fatigue, those patient groups were excluded from the analysis. In addition, only CPPs complaining of chronic LBP and chronic neck pain were selected for statistical analysis. The following statistical analyses were performed with the data on the remaining patients.
Chronic neck, chronic LBP patients, and both chronic neck pain and chronic LBP patients were compared, using a chi-squared test for MFI scores, with controls (nonpatients), soldiers, Dutch cancer patients, and Scottish cancer patients (Tables 1-3) .
Bivariate analyses were conducted between each of the five subscales of the MFI (general, physical, reduced activity, reduced motivation, and mental) and the variables selected for analysis. Pearson correlations were calculated between continuous variables and the following variables: age, years in pain, daily opioid use in morphine equivalents, number of surgeries (laminectomies and fusions), NPS score (average of items 1-8 plus A and B), number of DSM-IV diagnoses, and mean BDI score. Analysis of variance was used for ethnicity (African American, Caucasian, or Hispanic) and cause of injury (self start, fall, motor vehicle accident, or lifting). t-tests were used for the analysis of the following variables: gender; presence or absence of laminectomy, fusion surgery, or thoracic outlet surgery); presence or absence of any diagnosis of anxiety (generalized anxiety disorder, adjustment disorder with anxious mood, phobia, obsessive compulsive disorder, or posttraumatic stress disorder); presence or absence of depressive syndromes (major depression, dysthymia, or adjustment disorder with depressed mood); and presence or absence of any symptoms on BDI Question 1 (difficulty falling asleep) and BDI Question 17 (fatigue). In the next step of the analysis, a stepwise regression analysis was used to predict each of the five MFI subscales using those variables that had a significant relationship to the subscale variable (P < 0.05), as determined by the preceding analysis.
In the final analysis, the variables that were significant predictors of the MFI subscales were controlled for as covariates in an analysis of variance in order to see if the neck pain patients had significantly different scores on the subscales from those of the LBP patients.
Results
The 12-month consecutive admission sample contained 305 CPPs. Of these, 97 had been previously given a diagnosis of fibromyalgia or chronic fatigue syndrome or had other pain complaints besides chronic LBP or chronic neck pain. Of the remaining 208 CPPs, 175 had chronic LBP and 33 had chronic neck pain. Tables 1-3 chronic LBP only group, and chronic neck pain only group for MFI scores with previously reported samples of controls (nonpatients), soldiers, Dutch cancer patients, and Scottish cancer patients. The results of these comparisons indicate the following. Patients in the LBP and neck pain combined group, LBP only group, and neck pain only group were all more fatigued on all subscales of the MFI than controls (nonpatients). Results also indicate that patients in the chronic LBP and neck pain combined group and chronic LBP only group were more fatigued than soldiers on the general, physical, and reduced activity subscales of the MFI. Patients with neck pain only, however, were more fatigued than soldiers on the general and physical subscales of the MFI only. The above three pain groups were also compared with two cancer patient groups for fatigue scores. In that comparison, all three of the above pain groups were less fatigued on all MFI subscales than the Dutch cancer patients. There was one exception: neck pain only patients were as fatigued mentally.
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Fishbain et al. Different results were obtained in the comparison with the Scottish cancer group. In that analysis, patients in the LBP and neck pain combined group and the LBP only group were as fatigued as the cancer patients generally, physically, motivationally, and mentally. The Scottish cancer patients were more fatigued, however, than patients in these two pain groups on the reduced activity subscale. The neck pain only patients were as fatigued as the Scottish cancer patients on the general, physical, and reduced motivation MFI subscales, while the Scottish cancer patients were more fatigued on the reduced activity and mental MFI subscales. Table 4 shows the demographic and clinical features of the sample. Table 5 summarizes the bivariate statistical relationships found to be significant between the demographic (and other) variables and the MFI subscales. As indicated in the table, all or most of the MFI subscales were strongly related to NPS score, depression score on the BDI, depression as identified by DSM-IV diagnoses, anxiety as identified by DSM-IV diagnoses, total number of DSM-IV diagnoses, daily opioid intake, female gender, sleep, and having had surgery for the pain.
Results of the stepwise regression analyses using only the significant variables from Table 5 are presented in Table 6 . The only variables that added to the model were: NPS-10 items (pain), gender (female); DSM-IV-total number of diagnoses; BDI Question 17 (fatigue); DSM-IV depression diagnoses, and total BDI score. It is interesting that sleep, anxiety, and opioid intake did not independently contribute to the model. The primary predictors across the different MFI subscales were pain and depression.
Results of the analysis of variance with significant predictors from Table 6 covariates are presented in Table 7 . After the differences that can be accounted for by depression, pain, and gender are removed, the differences between chronic neck pain patients and chronic LBP patients on all MFI subscales were not significant (main effect). Thus, neck pain patients in this study were as fatigued as LBP patients.
Discussion
The results of this study demonstrate the following. First, chronic LBP patients and chronic neck pain patients were significantly more fatigued than controls (nonpatients) as measured by all MFI scales. Thus, hypothesis A, as outlined in 192 Fishbain et al. Table 7 Results of the stepwise regression analyses using the significant variables from Table 4 
Table 6
Results of the stepwise regression analyses using the significant variables from Table 4 to build a model to predict the MFI subscales
Step R R the Introduction, was supported by these findings. In addition, on some MFI scales, patients in the combined LBP and neck pain group and in the LBP only group were as fatigued as Scottish cancer patients. However, patients in all three pain groups were less fatigued than Dutch cancer patients on all MFI scales. This is the first study using a fatigue inventory to clearly demonstrate significant fatigue in chronic LBP and chronic neck pain patients.
The second major finding of this study was that the perception of fatigue as measured by the various MFI subscales could be predicted by four major variables: neuropathic pain, female gender, the presence of depression, and the number of DSM-IV diagnoses. The finding on the relationship between neuropathic pain and the presence of fatigue is not unexpected. As noted above, there is a wide body of literature (17 high-quality studies, recently reviewed by Fishbain et al. [22] ) that points to a strong relationship between level of pain and fatigue. The results of the present study, therefore, support the findings of the above review [22] on a relationship between fatigue and pain. As noted above, female gender predicted the presence of fatigue. There is also some evidence in the literature that females have a higher prevalence of fatigue than males, varying from a 1-10% difference [4, 30, 31] . The reasons for this difference are unknown [4] . Thus, the results of the present study appear to support and are supported by the above historical data. Depression has long been noted in the literature to be associated with fatigue [14, 15, 17, [32] [33] [34] [35] [36] [37] . Results of the present study in reference to depression being a predictor of fatigue are, therefore, not surprising and are supported by and support those previous results. Previous literature has also noted an association between fatigue and other types of psychiatric comorbidities besides depression, that is, anxiety [21, 31, [34] [35] [36] . As indicated above, a diagnosis of anxiety did not predict fatigue. However, the total number of DSM-IV psychiatric diagnoses did predict the presence of fatigue. It is difficult to explain this last finding. In psychiatric patients, depression is usually associated with other Axis I diagnoses, such as anxiety and drug dependency. Although such a relationship has not been demonstrated in CPPs, it is possible that it also applies to these patients. If this is the case, it could explain the number of DSM-IV diagnoses finding. Overall, the second major finding of this study supports hypothesis C as stated in the Introduction.
The third major finding of this study was that variables that historically have been associated with fatigue, specifically, sleep problems [17] [18] [19] [37] [38] [39] [40] and the use of analgesic drugs [14] , did not predict the presence of fatigue. Thus, hypothesis D as stated in the Introduction was not supported. It is difficult to explain the above finding in reference to sleep. However, there is some evidence in the literature that disrupted sleep mediates [41] the relationship between pain and fatigue. Thus, sleep problems may not independently contribute to fatigue in CPPs. This may explain the sleep results of this study. Also, all previous studies on the relationship between sleep and fatigue were performed on nonchronic LBP and nonchronic neck pain patients. As such, these data may not generalize to these two CPP groups. This could also then be the reason for this study's negative findings in reference to sleep. The results of this study also indicate that opioids, as measured in morphine equivalents, did not make an independent contribution to the prediction of fatigue in our two CPP groups. At first, these results appear to be counterintuitive. However, it is likely that all the CPPs in this study had been taking opioids for extended periods of time. As such, they would have been tolerant to the sedating effects of the opioids. This may be the reason why opioids did not make an independent contribution to the perception of fatigue. Fishbain et al. [29] recently demonstrated, in an evidencebased structured review, that driving-related skills in opioid-dependent/tolerant patients were, in general, not impaired. One group of studies in that review related to psychomotor abilities [29] . Thus, that review study indirectly supports the results of the present study on the effect of opioids on fatigue.
The fourth major finding of this study was that chronic neck pain patients were as fatigued as chronic LBP patients. Thus, hypothesis B as stated in the Introduction was supported. This is the first study in which different pain locations have been compared for the degree of associated fatigue. This finding is interesting, because it would lead one to hypothesize that it is not the location of the pain that is important to the association with fatigue, but the pain itself.
A final comment relates to the generalizability of these findings to other CPP groups, such as fibromyalgia patients. CPPs with diagnoses of fibromyalgia, chronic fatigue, or cancer-associated pain were eliminated from the total CPP sample. The remaining sample also did not contain any CPPs with rheumatoid arthritis or AIDS-related chronic pain. Fibromyalgia CPPs were eliminated because there is some evidence in the literature that fibromyalgia and chronic fatigue syndrome may not be distinct entities [42] . In addition, we wished to answer the specific question as to whether chronic LBP patients and chronic neck pain patients were fatigued. As such, it is unlikely that these results are generalizable to fibromyalgia patients and/or chronic fatigue syndrome patients.
Conclusion
The results of this study indicate that chronic LBP and chronic neck pain patients are fatigued. The presence of fatigue is predicted by four major variables: pain severity, female gender, the presence of depression, and the presence of other DSM-IV psychiatric disorders. In addition, chronic LBP and chronic neck pain patients in this study were equally fatigued. These results could lead one to conclude that the treatment of fatigue in chronic LBP and chronic neck pain patients should be directed at pain and also include the treatment of associated psychiatric comorbidities. However, as these results emanate from a medium-sized sample (N = 208), definitive treatment recommendations for the treatment of fatigue await other studies in which these results can be replicated.
